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INTRODUCTION
For at least the last 30 years, industrial society has been warned about problems associated with using fossil fuels and the consequent greenhouse gas emissions, as well as their effects on the earth's climate. Among the many academic debates, it has become clear that there is a need for an improvement in industrial processes in order to avoid waste, increase the rational use of resources, increase the recycling of materials and make society aware of the possible effects of uncontrolled consumption. In the same context, the world has also gone through various oil crises, the two most serious of which occurred in the 1970s, when the price of oil exceeded the mark of US$ 100 per barrel.
Given this set of factors, it is becoming evident that there is a growing need to expand the use of alternative renewable energy sources sustainably in order to provide greater security for energy supply and reduce the environmental impact associated with the use of fossil fuels. Given these circumstances, according to BNDES and CGEE (2008) , ethanol from sugarcane became regarded in Brazil as a renewable and economically viable alternative. It is also a safe source thanks to the significant potential for expanding its production.
Ethanol, mainly as vehicle fuel, started being produced and used on a regular basis in Brazil in 1931, but only in recent decades did its consumption evolve until it reached maturity and consistency, with a production model that can be adapted and developed in similar contexts. This evolution in the use of ethanol as vehicle fuel, along with the co-generation of electricity, transformed sugarcane into the second most important primary source of energy and the main form of renewable energy in the Brazilian energy matrix (BNDES & CGEE, 2008) .
During this same period, the automotive industry made a great effort to meet the new needs of society and invested heavily in research to develop lighter automobiles that consume less and, principally, pollute less. In international motor shows, expectation usually focuses on models with engines that can be adapted for use with alterative renewable energy, such as biofuels and electric cars. In this context, Abramovay (2009) states that the automobile industry now has 10 car manufacturers producing more than 60 models with flex-fuel technology. According to the author, the good news is that there are now ethanol powered motorcycles, buses and even aircraft (hydrous alcohol). From 1986 to 1995 -slowdown and crisis.
The crisis, however, favored the development of a technology of "nondependence" on a single energy system. Therefore, the automotive industry was once more encouraged to develop engines capable of running on more than one Ethanol is more than an alternative energy source for times of world energy crises. In a unique manner, it can also project Brazil internationally in the struggle against global warming, since sugarcane is proving to have better energy performance than other by-products used for making ethanol.
According to Abramovay (2009), ethanol derived from sugarcane yields 9.3 units of renewable energy for every unit of fossil fuel, while corn, sugar-beet and grain rarely exceed two units. Furthermore, one hectare of sugarcane yields about 7,000 liters of ethanol, while sugar-beet (commonly used in Europe) yields 5,500 liters and corn (widely used in the U.S.) only 3,800 liters; and sugarcane productivity may reach 13,000 liters per hectare.
Another factor to consider is that the rising international pressure to reduce CO 2 emissions will tend to intensify over the coming years. Projections of oil production remain a major challenge, but it is known for certain that production costs will continue increasing. Every year the major automotive vehicle manufacturers raise their investments in the development of engines capable of operating with other energy sources, such as hydrogen, electricity and even the capture of CO 2 from the atmosphere, which is a clear demonstration that the scenario in the very near future will be, at the very least, bi-fuel automobiles.
In Another extremely important factor in this analysis is the relationship between gasoline and ethanol prices. Although flex fuel technology has provided an alternative to gasoline for consumers, it was not solely responsible for the growth of ethanol consumption as presented earlier. As the calorific power per liter of ethanol is lower than that of gasoline, the price of each fuel also has a direct influence on the choice of fuel by the end consumer. Given that the ratio between the calorific powers of ethanol and gasoline is about 70%, the use of ethanol as a fuel is only advantageous for the end user if its price is no more than 70% the price of gasoline. An analysis of Graph 3 shows that only in seven months since January 2002 has the price of alcohol been higher than 70% of the price of gasoline, which logically did not encourage ethanol consumption. Goldemberg et al. (2004) showed that the evolution in the hydrous alcohol production process, as well as economies of scale and technological evolution, allowed production costs to drop considerably, allowing ethanol to be sold at prices below the minimum required to make this renewable fuel competitive with fossil fuels in subsequent years.
The recovery of the ethanol market in Brazil, also seen in Graph 2, 
METHODOLOGY
This article has two parts. First, it was necessary to carry out a broad exploratory study to understand the historical context of ethanol as an energy source in the country. Articles, books, seminars and the records of conferences whose main theme was ethanol were analyzed. Then extensive temporal
research was carried out to analyze the impact on energy demand of the Brazilian Otto cycle, having as its basic premise an analysis of before and after the introduction of flex fuel engine technology.
The projections made assume that over the next five years (up to 2014) the price ratio between ethanol and gasoline will be maintained (ethanol pricing remaining below 70% of the price of gasoline), that there will be no major events in the global scene that might dramatically change the consumption of either of these fuels, and finally, that future investments in the alcohol sector will be able to meet growing demand.
In addition, data from the major industry agents, such as UNICA (Sugarcane Industry Union), ANFAVEA (National Association of Automobile Manufacturers), Petrobras, ANP (National Petroleum Agency) and others were analyzed, in order to compare their projected results. These data are widely available on their respective websites.
DATA PRESENTATION AND ANALYSIS
The data used as the basis of this work were obtained from the ANFAVEA These projections assume that over the next five years (up to 2014) the ethanol to gasoline price ratio will be maintained, the price of ethanol remaining below 70% of the price of gasoline. These estimates also assume that there will be no major changes in the global economy that might dramatically bring about a switch from one to the other. One should highlight that, given Brazil's very large territorial size, the penetration of these new vehicles does not take place evenly across all regions in the country. Large consumer centers, located near the vehicle production plants,
will have a greater penetration rate of flex fuel vehicles, meaning that demand for ethanol in these regions will also be greater.
The assumption underlying these projections was that the current and future investments of the sugar and alcohol industry will be able to meet this increasing demand, without this entailing any major changes in the price of ethanol that might make it less financially attractive than gasoline. This is so because most of Brazil's ethanol production is concentrated in the southeast of the country, which is the largest consumer of this technology. 
FINAL THOUGHTS
This work presented the evolution of the production of vehicles with flex fuel technology, as well as the evolution of the consumption of ethanol as a fuel in Brazil, principally after the invention of flex fuel technology. This provides evidence of the impact that this technology has had on the entire ethanol production chain and on the distribution of this fuel throughout Brazil. Finally, one should point out out that the Gompertz projection considers that the installed capacity of ethanol production in Brazil can keep up with demand without significant price changes. In other words, it is assumed that the historical performance of the ethanol to gasoline price ratio, usually less than 70%, is maintained.
